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DESCRIPTION 

. WIRELESS COMMUNICATION APPARATUS AND SUBCARRIER 

ALLOCATION METHOD 

5 

Technical Field 

The present invention relates to a wireless 
communication apparatus and subcarrier allocation method. 
More particularly, the present invention relates to a 
10 wireless communication method and subcarrier allocation 
method combining adaptive modulation and frequency 
scheduling. 



Background Art 

15 A multi-user adaptive modulation OFDM system is a 

system for carrying out effective scheduling for an entire 
system according to a propagation path of each mobile 
station. Specifically, a base station apparatus is 
constituted by a system for allocating a plurality of 

20 subcarriers appropriate for each user based on channel 
quality (frequency division user multiplexing), and 
selecting appropriate modulation coding schemes 
(hereinafter referred to as "MCS") for each subcarrier. 
Namely, a base station apparatus is capable of carrying 

25 out multi-user high-speed data communication by 
allocating subcarriers in a manner that is the most 
effective utilization of frequency capable of satisfying 
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the communication quality (for example, minimum 
transmission rate, error rate) desired by each user based 
on channel quality, selecting MCS to ensure maximum 
throughput for each subcarrier, and carrying out data 
5 transmission. In this way, in a multi-user adaptive 
modulation OFDM system such as, for example, "MC-CDM 
Method Using Frequency Scheduling," Technical Report of 
the Institute of Electronics Information and 
Communicat ion Engineers of Japan, RCS2002-129, July 2002, 

10 pp. 61-pp . 66) , a reporting method for reporting channel 
quality information from each mobile station to a base 
station apparatus is proposed. 

An MCS selection table decided in advance is used 
in the selection of MCS. An MCS selection table shows 

15 correspondence between reception quality such as CIR 
(Carrier to Interference Ratio) etc. and error rates such 
as packet error rate (hereinafter referred to as "PER") 
or bit error rate (hereinafter referred to as "BER") etc. 
for each MCS modulation scheme and error encoding scheme. 

20 An MCS of a maximum speed capable of satisfying the desired 
error rate is then selected based on measured reception 
quality in MCS selection. 

However, in the related art, in frequency division 
user multiplexing, each mobile station reports channel 

25 quality information for all subcarriers to a base station 
apparatus. FIG.l shows a reporting format of signal to 
noise ratio (hereinafter referred to as "SNR") of channel 
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quality information reported from a mobile station to 
a base station apparatus of the related art, and FIG. 2 
is a view showing a relationship between SNR report bits 
and modulation scheme. As shown in FIG.l, the base 
5 station apparatus allocates subcarriers and performs 
adaptive modulation by receiving notification of SNR 
report bits every subcarrier in subcarrier order from 
each communication terminal apparatus for all subcarriers 
in the communication band. In this event, in the case 

10 that transmission by 64QAM adopted as a modulation scheme 
satisfying the desired transmission rate and PER is 
required, the base station apparatus selects the first 
or fifth subcarrier for which an SNR report bit is 3, 
and allocates packet data employing 64QAM to the first 

15 or fifth subcarrier. 

However, with the base station apparatus and 
subcarrier allocation method of the related art, each 
mobile station reports channel quality information for 
all subcarriers to the base station apparatus, regardless 

20 of whether only some of the subcarriers of all of the 
subcarriers within the communication band are used. The 
amount of channel quality control information therefore 
becomes extremely large in accompaniment with increase 
in the number of mobile stations and number of subcarriers, 

25 and communication efficiency therefore falls. 

Disclosure of Invention 
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It is therefore an object of the present invention 
to provide a wireless communication apparatus and 
subcarrier allocation method capable of improving 
communication efficiency by reducing the amount of 
5 control information transmitted. 

According to a first aspect of the present invention, 
wireless communication apparatus is comprised of a 
subcarrier number determining section determining a 
number of subcarriers, of all subcarriers within a 

10 communication band, are to be allocated to each 
communicating party in such a manner as to achieve 
transmission rates required by each communicating party, 
a first transmission section transmitting a number of 
subcarriers determined by the subcarrier number 

15 determining section to each communicating party, and an 
allocation control section selecting subcarriers 
allocated with packet data every communicating party 
based on required transmission rate information for each 
communicating party and channel quality information for 

20 the number of subcarriers for each communicating party 
extracted from a received signal. 

According to a further aspect of the present 
invention, communication terminal apparatus comprises 
a subcarrier selection section communicating with the 

25 wireless communication apparatus and selecting 
subcarriers of the number of subcarriers using 
information for the number of subcarriers extracted from 
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the received signal in order of good reception quality, 
a channel quality information generating section 
generating the channel quality information for 
sub carriers selected at the subcarrier selection section, 
5 and a second transmission section transmitting the 
channel quality information generated by the channel 
quality information generating section. 

According to a still further aspect of the present 
invention, base station apparatus is provided with the 

10 wireless communication apparatus . 

According to a yet further aspect of the present 
invention, a subcarrier allocation method .comprises the 
steps of determining a number of subcarriers, of all 
subcarriers within a communication band, are to be 

15 allocated to each communicating party in such a manner 
as to achieve transmission rates required by each 
communicating party, transmitting information for a 
determined number of subcarriers to each communicating 
party, and selecting subcarriers allocated with packet 

20 data every communicating party based on required 
transmission rate information for each communicating 
party and channel quality information for the number of 
subcarriers for each communicating party extracted from 
the received signal. 

25 

Brief Description of the Drawings 

FIG.l is a view showing an SNR reporting format of 
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the related art; 

FIG. 2 is a view showing a relationship between SNR 
report bits and modulation scheme; 

FIG. 3 is a block diagram showing a configuration 
5 for a wireless communication apparatus of a first 
embodiment of the present invention; 

FIG. 4 is a block diagram showing a configuration 
for a communication terminal apparatus of the first 
embodiment of the present invention; 
10 FIG. 5 is a flowchart showing a method of allocating 

subcarriers of the first embodiment of the present 
invention; 

FIG. 6 is a view showing an SNR reporting format for 
the first embodiment of the present invention; 
15 FIG. 7 is a block diagram showing a configuration 

for a wireless communication apparatus of a second 
embodiment of the present invention; and 

FIG. 8 is a flowchart showing a method of allocating 
subcarriers of the second embodiment of the present 
20 invention. 

Best Mode for Carrying Out the Invention 

The following is a detailed description with 
reference to the drawings of preferred embodiments of 
25 the present invention. 



(First Embodiment) 
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FIG. 3 is a block diagram showing a configuration 
for wireless communication apparatus 100 of a first 
embodiment of the present invention. 

RF receiving section 102 down-converts etc. a 
received signal received by antenna 101 from a radio 
frequency to a baseband frequency for output to channel 
quality information extraction section 103. 

Channel quality information extraction section 103 
extracts CQI • s ( Channe 1 Qua 1 i t y Indicator s ) constituting 
channel quality information from the received signal 
input by RF receiving section 102 for output to allocation 
control section 104. Further, channel quality 

information extraction section 103 extracts subcarrier 
identification information indicating subcarriers 
selected by each communication terminal apparatus from 
the received signal for output to allocation control 
section 104. 

Allocation control section 104 allocates some of 
the subcarriers from within all of the subcarriers within 
a predetermined communication band to CQI ' s inputted by 
channel quality information extraction section 103 and 
transmission information inputted to each communication 
terminal apparatus from user information accumulation 
section 106 described later, and selects modulation 
schemes for allocated subcarriers every subcarrier. 
Namely, allocation control section 104 selects 
subcarriers and modulation schemes in such a manner as 
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to achieve the required transmission rate or more for 
each communication terminal apparatus and carries out 
allocation of subcarriers and modulation schemes to each 
communication terminal apparatus in such a manner as to 
5 give less thana predetermined PER value every subcar r ier . 
Allocation control section 104 then outputs allocated 
subcarrier allocation information to subcarrier 
allocation section 110 and outputs modulation scheme 
information for the selected modulation scheme to 

10 modulation sections 111-1 to 111-N. Required subcarrier 
number determining section 105 constituting a section 
for determining the number of subcarriers obtains the 
number of subcarriers that can be allocated to each 
communication terminal apparatus from user information 

15 for the communication terminal apparatus of each user 
inputted by user information accumulation section 106. 

Namely, required subcarrier number determining 
section 105 determines the number of subcarriers in such 
a manner as to give the required transmission rate or 

20 more at each user communication terminal apparatus. 
During this time, required subcarrier number determining 
section 105 determines the number of subcarriers while 
giving a view to maintaining a slight margin with respect 
to the required transmission rate in anticipation of a 

25 drop in reception quality due to fading fluctuation. 
Further, in the event that the total amount of data for 
CQI • s for the acquired number of subcarriers and 
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subcarrier number information is. less than the total 
amount of data foronlytheCQI's forall ofthe sub carriers, 
the required subcarrier number determining section 105 
outputs the obtained number of subcarriers to required 
5 subcarrier number information generating section 107 as 
subcarrier number information, and, in the event that 
the total amount of data for the CQI ' s and the subcarrier 
number information for the obtained number of subcarriers 
is greater than the total amount of data for only CQI ' s 

10 forallofthesub carriers, thetotal number of subcarriers 
(for example, 64) within the communication band is 
outputted to the required subcarrier number information 
generating section 107 as subcarrier number information. 
User information accumulation section 106 stores 

15 user information for the required transmission rates and 
data type etc. together with data to be transmitted to 
each communication terminal apparatus and outputs this 
to allocation control section 104, required subcarrier 
number determining section 105 and subcarrier allocation 

20 section 110, as necessary. Here, required transmission 
rate information is, for example, information about the 
proportion of the amount of data per unit time required 
by a communication terminal apparatus of one user with 
respect to the amount of data per unit time required by 

25 all communication terminal apparatus. User information 
accumulation section 106 can update the stored user 
information by inputting user information from a control 
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section (not shown) at a predetermined timing. 

Required subcarrier number information generating 
section 107 outputs subcarrier number information 
inputted by required subcarrier number determining 
section 105 to control information multiplexer 109 as 
control channel information. 

Allocation information generating section 108 
generates control information constituted by a pair 
consisting of identification information indicating each 
subcarrier inputted by allocation control section 104 
and subcarrier modulation scheme information and outputs 
the generated control information to control information 
multiplexer 109. 

Control information multiplexer 109 multiplexes 
control information for the number of subcarriers 
inputted by the required subcarrier number information 
generating section 107 and allocation information and 
modulation scheme information inputted by allocation 
information generating section 108 and outputs 
multiplexed control information to switching section 112 
every subcarrier. Control information multiplexer 109 
multiplexes subcarrier number information and allocation 
information, as well as control information other than 
modulation scheme information. 

Subcarrier allocation section 110 allocates packet 
data to communication terminal apparatus for each user 
for all of the subcarriers within the communication band 
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using allocation information inputted by allocation 
control section 104 and user information inputted by user 
information accumulation section 106 and outputs packet 
data allocated to each subcarrier to modulation sections 
5 111-1 to 111-N carrying out modulation using modulation 
schemes selected every subcarrier. 

Modulation sections 111-1 to 111-N are provided in 
the same number as there are subcarriers, and modulate 
packet data inputted by subcarrier allocation section 
10 110 using a modulation scheme of the modulation scheme 
information inputted by allocation control section 104 
and output the result to switching section 112 . 

Switching section 112 switches control information 
outputted by control information multiplexer 109 and 
15 inputted after modulation by modulators (not shown) and 
packet data modulated at modulation sections 111-1 to 
111-N and outputs this information to inverse fast Fourier 
transform (hereinafter referred to as IFFT) section 113. 

IFFT section 113 then subjects control information 
20 inputted by switching section 112 every subcarrier or 
packet data every subcarrier to IFFT and outputs the result 
to guard interval (hereinafter referred to as "GI") 
insertion section 114. 

GI insertion section 114 inserts GI ' s into control 
25 information or packet data inputted by IFFT section 113 
and outputs this to RF transmission sectionllS. 

RF transmission section 115 up-con verts etc. control 
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information or packet data inputted from GI insertion 
section*114 from a baseband frequency to a radio frequency 
for transmission to antenna 101. 

Next, a description is given of a configuration for 
5 communication terminal apparatus 2 00 us ing FIG . 4 . .FIG. 4 
is a block diagram showing a configuration for 
communication terminal apparatus 200. 

RF receiving section 202 down- convert s a signal 
receivedby antenna 201 from a radiofrequencytoa baseband 

10 frequency etc., for output to a GI removal section 203. 

GI removal section 203 removes GI ' s from a received 
signal inputted from RF receiving section 202 for output 
to a fast Fourier transform (hereinafter referred to as 
"FFT") section 204. 

15 After a received signal inputted by GI removal 

section 203 is converted from a serial data format to 
a parallel data format, FFT section 204 despreads each 
item of data converted to parallel data formed using a 
spreading code, subjects this to fast Fourier 

20 transformation, and outputs this to equalizer 207, 
channel estimation section 206 and channel quality 
estimation section 205. 

Channel quality estimation section 205 estimates 
channel quality from a received signal subjected to FFT 

25 inputted by FFT section 204 and outputs the estimation 
results to subcarrier selecting section 214 and channel 
quality information forming section 215. 
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Channel quality estimation section 205 takes, for example, 
an SIR (Signal to Interferer Rat io) as est imation result s . 
The estimation results are not limited to SIR, and 
5 arbitrary estimation results such as CIR (Carrier to 
Interferer Ratio) etc. can also be used. 

Channel estimation section 206 performs channel 
estimation using a received signal subjected to FFT 
inputted by FFT section 204 and outputs estimation results 

10 to equalizer 207. 

Equalizer 207 , corrects amplitude and phase 
distortion using estimation results inputted by channel 
estimation section 206 for received signals subjected 
to FFT inputtedby FFT section 204 for output to separating 

15 section 208. 

Separating section 208 separates the received signal 
input by equalizer 207 into a control channel signal and 
a data channel signal, outputs the control channel signal 
to control information extraction section 211, and 

20 outputs the data channel signal to demodulating sections 
209-1 to 209-N. 

Demodulating sections 209-1 to 209-N subject a 
received signal inputted by separating section 208 to 
adaptive modulation in accordance with modulation scheme 

25 information inputted by allocation information 
extraction section 212 every subcarrier and output the 
result to parallel /serial (hereinafter abbreviated to 
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"P/S") converter 210. 

P/S converter 210 converts the received signals 
inputted by decoding sections 209-1 to 209-N from parallel 
data format to serial data format to acquire received 
5 signal data. 

Control information extraction section 211 extracts 
control information from the received signal inputted 
by separating section 208 and outputs this to allocation 
information extraction section 212 and subcarrier number 
10 information extraction section 213. 

Allocation information extraction section 212 
extracts modulation scheme information and subcarrier 
number information from control information inputted by 
control information extraction section 211 and outputs 
15 modulation scheme information for each subcarrier to 
corresponding demodulating section 209-1 to 209-N by 
referring to the subcarrier number information. 

Subcarrier number information extraction section 
213 extracts subcarrier number information from control 
20 information inputted by control information extraction 
section 211 and outputs this to subcarrier selecting 
section 214. 

Subcarrier selecting section 214 selects 
subcarriers for the number of subcarriers designated by 
25 the base station apparatus using subcarrier number 
information inputted by subcarrier number information 
extraction section 213 in order of good channel quality 
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using SIR measurement results inputted by channel qual i t y 
estimation section 205. Subcarrier selecting section 
214 outputs selected subcarrier information to channel 
quality information forming section 215. 
5 Channel quality information forming section 215 

constituting a channel quality information generating 

A- 

section has a reference table storing channel quality 
selection information associating SIR's and CQI's, and 
selects CQI's by referring to channel quality selection 

10 information employing SIR inputted by channel quality 
estimation section 205 for each subcarrier selected using 
subcarrier information inputted by subcarrier selecting 
section 214. Channel quality information forming 
section 215 outputs CQI * s to RF transmission section 216 

15 every selected subcarrier. 

RF transmission section 216 up-converts etc. a 
transmission signal containing CQI's inputted by channel 
quality information forming section 215 from a baseband 
frequency to a radio frequency and transmits this to 

20 antenna 201. 

Next, a description is given of a subcarrier 
allocation method using FIG. 5. FIG. 5 is a flowchart 
showing a method for allocating subcarriers . 

First, required subcarrier number determining 

25 section 105 determines the subcarrier number Sk (where 
k is a user number and is an arbitrary natural number 
of two or more) allocated to each communication terminal 
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apparatus 200 using the user information (step ST301). 

Required subcarrier number determining section 105 
obtains the subcarrier number Sk from the following 
equation (1) or (2) . 
5 S ^= [a X / rl ' • • (1) 

where Sk: subcarrier number (where k is a user number 
that is a natural number of 2 or more) , 

a: constant, 

Rk : required transmission rate of communication 
10 terminal apparatus 200-k (where k is user number and is 
a natural number of 2 or more), 

r: transmission rate for one subcarrier while 
employing modulation coding schemes having a highest 
transmission rate or having a transmission rate for one 
15 subcarrier while using modulation coding schemes 
satisfying a required packet error rate using a channel 
quality value of a value that is a sum of average signal 
to noise ratio and a constant y (for example, a constant 
of Y= 0 to 3dB) ; and 
20 faxR^/r'] : integer larger than {axR^ir), 

S,=\{pxR^^N)l{R,+R^-^^-- + R,)\. . , (2) 

where Sk: subcarrier number (where k is a user number 
that is a natural number of 2 or more) , 
25 3 : constant (for example, p = 2.0 to 4.0), 

Rk: required transmission rate of communication 
terminal apparatus 200-k (where k is user number and is 
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a natural number of 2 or more) , 

N: the total number of subcarriers, and 
l{fixR^xN)/{R^-^R2-h'"-hR^)'] : integer larger than 

(09xi2^xiV)/(i?,+7?2 + 

Equation (1) is for determining the number of 
subcarriers by using the required transmission rate for 
each communication terminal apparatus and the modulation 
scheme and encoding rates for which transmission rate 
is a maximum, or determining the number of subcarriers 
by using the required transmission rate for each 
communication terminal apparatus and a transmission rate 
per subcarrier when using a modulation scheme and encoding 
rate satisfying the desired error rate for the average 
reception quality of each communication terminal 
apparatus. Further, equation (2) is for determining the 
number of subcarriers using the ratio of the number of 
all subcarriers within the frequency band and the required 
transmission rate for each communication terminal 
apparatus, and the total of the required transmission 
rate for all communicating parties. 

Next, required subcarrier number determining 
section 105 calculates the total amount of data for the 
CQI's and subcarrier number information for the selected 
subcarriers for each communication terminal apparatus 
200 and determines whether or not the total amount of 
data for the CQI ' s and subcarrier number information for 
the selected subcarriers is larger than the total amount 
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of data for CQI ' s for all subcarriers (for example, 64 
subcarriers) within a predetermined communication band 
(step ST302). Namely, required subcarrier number 
determining section 105 determines whether or not 
5 equation (3) is satisfied. 

Sk> (QxN) / (Q + logsN) ... (3) 
Here, Q: encoding bit number required for quantizing 
SNR information; and 

N: total number of subcarriers. 

10 In the event that the total amount of data for the 

selected subcarrier CQI ' s and subcarrier number 
information is not larger than the total amount of data 
for CQI ' s for all of the subcarriers within a predetermined 
communication band (i.e. when equation (3) is not 

15 satisfied) , required subcarrier number determining 
section 105 determines the subcarrier number Sk as the 
subcarrier number information to be sent to communication 
terminal apparatus 200-k. Required subcarrier number 
information generating section 107 then generates the 

20 subcarrier number Sk as subcarrier number information and 
transmits and reports the subcarrier number information 
to communication terminal apparatus 200-k (step ST303) . 

Next, communication terminal apparatus 200-k that 
received the subcarrier number information extracts 

25 subcarrier number information from the received signal 
at the subcarrier number information extraction section 
213, and Sk subcarriers are then selected at the channel 
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quality information forming section 215 in order of good 
reception quality (step ST304). 

On the other hand, in step ST302, in the event that 
the total amount of data for the selected sub carrier CQI 's 
5 and subcarrier number information is larger than the total 
amount of data for CQI ' s for all of the subcarriers within 
a predetermined communication band (i.e. equation (3) 
is satisfied) , required subcarrier number determining 
section 105 determines to have CQI ' s transmitted from 

10 communication terminal apparatus 200-k for all of the 
subcarriers and determines to select the number of all 
the subcarriers . Required subcarrier number in format ion 
generating section 107 then generates subcarrier number 
information selecting all of the subcarriers, and this 

15 subcarrier number information is reported to 
communication terminal apparatus 200-k (step ST305). 

Next, channel quality information forming section 
215 of communication terminal apparatus 200 generates 
CQI ' s for each selected subcarrier or for all of the 

20 subcarriers (step ST306). 

After this, communication terminal apparatus 200 
sends generated CQI ' s and subcarrier number information 
generated by the CQI * s in the SNR reporting format shown 
in FIG. 6, to wireless communication apparatus 100 (step 

25 ST307). FIG. 6showsSNRreportbitsandsub carrier number 
information for two subcarriers. As shown in FIG. 6, the 
SNRreportbit is "3" andthe subcarrier number information 
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is "0" for the first subcarrier, and the SNR report bit 
is "3" and subcarrier number information is "4" for the 
second subcarrier. 

Next, CQI's are extracted from the received signal 
5 at channel quality information extraction section 103 
of wireless communication apparatus 100 and subcarriers 
are allocated to communication terminal apparatus 200-k 
at allocation control section 104 (step ST308). 

According to the first embodiment, the base station 

10 apparatus determines the number of subcarriers allocated 
every communication terminal apparatus based on required 
transmission rate of each communication terminal 
apparatus and transmits the determined subcarrier number 
information to communication terminal apparatus. This 

15 means that the communication terminal apparatus only has 
to generate and transmit CQI's for the number of 
subcarriers allocated by the base station apparatus. As 
a result, it is possible to reduce the amount of control 
information and improve communication efficiency. 

20 Moreover, according to the first embodiment, in the 

event that the total amount ofdataforCQI'sandsub carrier 
number information for the number of subcarriers 
allocated to the communication terminal apparatus of each 
user is larger than the total amount of data for CQI * s 

25 for all of the subcarriers, the base station apparatus 
only has to transmit CQI ' s for all of the subcarriers 
to the communication terminal apparatus . This means that 
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amount of data transmitted to the up link can be reduced 
by that proportion of subcarrier number information that 
the communication terminal apparatus does not transmit. 
Moreover, according to the first embodiment, the 
5 communication terminal apparatus selects a number of 
subcarriers designated by base station apparatus using 
subcarrier number information in order of good channel 
quality and reports this to' the base station apparatus. 
It is therefore possible to obtain a user diversity effect 
10 as a result of it being possible for the base station 
apparatus to allocate packet data to subcarriers of good 
reception quality, the throughput of the system as a whole 
can be improved, and frequency utilization efficiency 
can be improved. 

15 

(Second Embodiment ) 

FIG. 7 is a block diagram showing a configuration 
for wireless communication apparatus 500 of a second 
embodiment of the present invention. In FIG. 7, portions 
20 with the same configuration as for FIG. 3 are given the 
same numerals and are not described. Further, the 
configuration of the communication terminal apparatus 
is the same as the configuration of FIG, 4 and is therefore 
not described. 

25 Allocation control section 104 allocates 

subcarriers to communication terminal apparatus of each 
user using CQI 's inputted by channel quality information 
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extraction section 103 and user information for 
communication terminal apparatus of each user inputted 
by user information accumulation section 106. 
Allocation control section 104 then outputs allocated 
5 subcarrier allocation information to subcarrier 
allocation section 110 and outputs modulation scheme 
information for the selected modulation scheme to 
modulation sections 111-1 to 111-N. Allocation control 
section 104 carries out allocation of subcarriers and 

10 modulation schemes to each communicating party so as to 
achieve less than a predetermined PER value every 
subcarrier. Allocation control section. 104 outputs 
subcarrier number information at communication terminal 
apparatus of each user allocated with actual packet data 

15 to required subcarrier number determining section 105 
in frame units. 

Required subcarrier number determining section 105 
determines the number of subcarriers for the 
communication terminal apparatus for which a subcarrier 

20 is allocated for one frame previous to the current frame 
using subcarrier number information actually allocated 
at allocation control section 104 inputted by allocation 
control section 104, and outputs the determined 
subcarrier number information to required subcarrier 

25 number information generating section 107. On the other 
hand, for communication terminal apparatus to which 
subcarriers are not allocated in one frame previous to 
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the current frame , required subcarrier number determining 
section 105 determines the number of subcarriers that 
can be allocated from user information for each 
communication terminal apparatus inputted by user 
5 information accumulation section 106 and outputs the 
determined subcarrier number information to required 
subcarrier number information generating section 107, 

Next, a description is given of a subcarrier 
allocation method using FIG. 8. FIG. 8 is a flowchart 
10 showing a method for allocating subcarriers. 

First, allocation control section 104 determines 
whether or not a subcarrier is allocated to the immediately 
preceding frame one frame previous to the current frame 
(step ST601) . 

15 In the event that a subcarrier is allocated to the 

immediately preceding frame, subcarrier number Sk(t) is 
determined for subcarrier number information transmitted 
at the current frame from equation (4) (step ST602) . 

Sk(t)=5^S'k(t-l) ..,(4) 
20 Here, Sk(t) : number of subcarriers of current frame, 

S*k(t - 1) : the number of subcarriers actually 
allocated to communication terminal apparatus 200-k one 
frame previous to the current frame, and 
6: constant (where 2.0^5) . 
25 In the event where the communication terminal 

apparatus has stopped or the amount of movement of the 
communication terminal apparatus is small, it is possible 



2F04147-PCT 24 

to determine the number of subcarriers using equation 
(4) on the side of the communication terminal apparatus 
as a result of it being possible to estimate that 
fluctuation in channel quality will be slight. 
5 On the other hand, in step ST601, in the event that 

a sub carrier is not allocated to the immediately preceding 
frame, subcarrier number Sk{t) is determined for 
subcarrier number information transmitted at the current 
frame from equation (1) or equation (2) (step ST603) . 

10 Next, required subcarrier number information 

generating section 107 generates the subcarrier number 
Sk(t) as subcarrier number information and reports the 
subcarrier number information to communication terminal 
apparatus 200-k(step ST604) . 

15 After this, communication terminal apparatus 200-k 

that received the subcarrier number information extracts 
subcarrier number information from the received signal 
at the subcarrier number information extraction section 
213, and Sk subcarriers are then selected at the channel 

20 quality information forming section 215 in order of good 
reception quality (step ST605). 

Next, channel quality information forming section 
215 of communication terminal apparatus 200 generates 
CQI ' s for each selected subcarrier or for all of the 

25 subcarriers (step ST606). 

After this, communication terminal apparatus 200 
sends generated CQI ' s and subcarrier number information 
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generated by the CQI ' s in the SNR reporting format shown 
in FIG. 6 to wireless communication apparatus 500 (step 
ST607 ) . 

Next, CQI * s are extracted from the received signal 
5 at channel quality information extraction section 103 
of wireless communication apparatus 500 and subcarriers 
are allocated to communication terminal apparatus 200-k 
at allocation control section 104 (step ST608) . 

According to the second embodiment, the base station 

10 apparatus determines the number of subcarriers allocated 
every communication terminal apparatus of each user based 
on required transmission rate of each communication 
terminal apparatus and transmits the determined 
subcarrier number information to communication terminal 

15 apparatus. This means that the communication terminal 
apparatus has only to generate and transmit CQI ' s for 
the number of subcarriers allocated by the base station 
apparatus. As a result, it is possible to reiduce the 
amount of control information and improve communication 

20 efficiency. 

According to the second embodiment, the base station 
apparatus determines the number of subcarriers using a 
straightforward method of simply multiplying the number 
of subcarriers for one frame previous to the current frame 

25 with a constant. It is therefore possible to implement 
straightforward processing for allocating subcarriers 
and achieve high-speeds in cases where the speed of 
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movement of communication terminal apparatus is slow or 
in cases where communication terminal apparatus have 
stopped . 

Moreover, according to the second embodiment, the 
5 communication terminal apparatus selects a number of 
subcarriers designated by base station apparatus using 
subcarrier information in order of good channel quality 
and reports the base station apparatus. It is therefore 
possible to obtain a user diversity effect as a result 
10 of it being possible for the base station apparatus to 
allocate packet data to subcarriers of good reception 
quality and to effectively improve the throughput of the 
system as a whole. 

In the first and second embodiments, CQI * s are 
15 adopted as channel quality information but this is by 
no means limiting and arbitrary information other than 
CQI ' s may also be used. Further, wireless communication 
apparatus 100 of the first embodiment and wireless 
communication apparatus 500 of the second embodiment are 
20 applicable to base station apparatus. 

Each function block employed in the description of 
each of the aforementioned embodiments may typically be 
implemented as an LSI constituted by an integrated circuit 
These may be individual chips or partially or totally 
25 contained on a single chip. 

''LSI" is adopted here but this may also be referred 
to as "IC", "system LSI", "super LSI", or "ultra LSI" 
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depending on differing extents of integration. 

Further, the method of circuit integration is not 
limited to LSI's, and implementation using dedicated 
circuitry or general purpose processors is also possible. 
5 After LSI manufacture, utilization of an FPGA (Field 
Programmable Gate Array) or a r econf igur able processor 
where connections and settings of circuit cells within 
an LSI can be reconfigured is also possible. 

Further, if integrated circuit technology comes out 

10 to replace LSI's as a result of the advancement of 
semiconductor technology or a derivative other technology, 
it is naturally also possible to carry out function block 
integration using this technology. Application in 
biotechnology is also possible. 

15 This specification is based on Japanese patent 

application No . 2 0 0 3 - 2 9 5 9 7 2 , filed on August 20, 2003, 
the entire content of which is incorporated herein by 
reference . 

20 Industrial Applicability 

The base station apparatus and sub carrier al location 
method of the present invention reduce the amount of 
control information transmitted and as such are effective 
in improving communication efficiency, and are therefore 

25 useful in allocation of subcarriers. 
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SNR REPORT BIT 
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FIG. 2 
5 SNR REPORT BIT 

MODULATION SCHEME 
NOT TRANSMITTED 

FIG. 3, FIG. 7 
10 RF RECEIVING SECTION 102 

CHANNEL QUALITY INFORMATION EXTRACTION SECTION 103 
ALLOCATION CONTROL SECTION 104 

REQUIRED SUBCARRIER NUMBER DETERMINING SECTION 105 

USER INFORMATION ACCUMULATION SECTION 106 
15 REQUIRED SUBCARRIER NUMBER INFORMATION GENERATING SECTION 107 

ALLOCATION INFORMATION GENERATING SECTION 108 

CONTROL INFORMATION MULTIPLEXER 109 

SUBCARRIER ALLOCATION SECTION 110 

MODULATION SECTIONS 111-1 TO 111-N 
20 SWITCHING SECTION 112 

IFFT SECTION 113 

GI INSERTION SECTION 114 

RF TRANSMISSION SECTION 115 

25 FIG. 4 

RF RECEIVING SECTION 202 
GI REMOVAL SECTION 203 
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FFT SECTION 204 

CHANNEL QUALITY ESTIMATION SECTION 205 
CHANNEL ESTIMATION SECTION 206 
EQUALIZER 207 
5 SEPARATING SECTION 208 

DECODING SECTIONS 209-1 TO 209-N 
P/S CONVERTER 210 

CONTROL INFORMATION EXTRACTION SECTION 211 
ALLOCATION INFORMATION EXTRACTION SECTION 212 
10 SUBCARRIER NUMBER INFORMATION EXTRACTION SECTION 213 
SUBCARRIER SELECTING SECTION 214 

CHANNEL QUALITY INFORMATION FORMING SECTION 215 
RF TRANSMISSION SECTION 216 

15 FIG. 5 
START 

ST 301 DETERMINE SUBCARRIER NUMBER Sk 

ST 302 AMOUNT OF DATA FOR SELECTED SUBCARRIERS > AMOUNT OF DATA 
FOR ALL SUBCARRIERS? 
20 ST 303 REPORT SUBCARRIER NUMBER Sk 
ST 304 SELECT SUBCARRIERS 

ST 305 REPORT SELECTION OF NUMBER OF ALL SUB-CARRIERS 
ST 306 GENERATE CQI ' S 
ST 307 TRANSMIT CQI ' S 
25 ST 308 ALLOCATE SUBCARRIERS 
END 
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FIG. 6 
SNR REPORT 
SUBCARRIER 
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